Objective-To investigate the potential influence of the HLA-linked LMP2 gene on disease susceptibility in HLA-B27 individuals with ankylosing spondylitis (AS). 
The strong association between ankylosing spondylitis (AS) and HLA-B27 is now generally accepted, although it is also clear that only a minority of all B27 positive individuals (2%) develop the disease. The A number of genes mapping to the class II region of the human major histocompatibility complex (MHC) appear to be involved in antigen processsing for presentation via the HLA class I pathway.2 Two such genes, LMP2 and LMP7, encode proteins demonstrating homology to subunits of a large multicatalytic cytosolic proteinase complex, the proteasome.3 4 The proteasome is thought to be involved in the cellular degradation of proteins and generation of oligopeptides5 before transport into the lumen of the endoplasmic reticulum where binding of peptides to HLA class I molecules normally occurs. Indirect evidence suggests that the LMP2 and LMP7 genes modify the proteolytic action of the proteasome complex by influencing both the efficiency and spectrum of peptides generated which are suitable for binding to HLA class I molecules. 6 It is possible that polymorphism in the LMP2 or LMP7 genes may influence the expression of disease in HLA-B27 individuals by influencing the spectrum of peptides available, firstly for binding to HLA-B27 and then for presentation to autoreactive cytotoxic T cells. This is consistent with a preliminary observation from our and 42 base pairs (allele B) and absence of the site a 140 bp fragment (allele A) after CfoI digestion.
HLA TYPING HLA-B27 typing was performed at the Canadian Red Cross using standard microcytotoxicity assays and typing serum. Molecular typing for HLA-B27 was also performed as described previously9 when serological typing was not available (for example for samples drawn over the weekend).
STATISTICS
Comparisons of patient and control groups were performed using the Pearson x2 test. Stated p values are uncorrected. Odds ratios (OR) and corresponding 95% confidence intervals (CI) were estimated for the variables of interest.
Results
Comparison of B27 positive AS patients with B27 positive controls revealed an increased prevalence of the BB genotype and decreased prevalence of the A allele in AS patients, although these differences were not statistically significant (p > 0-05) (table). Genotypic and allelic distribution in B27 positive AS patients was also similar to that observed in a random population of unrelated, white individuals. Significant differences in genotypic distribution became apparent when AS patients with extraspinal disease were compared with AS patients with axial disease alone (p <0-005; X2= 12-74, 2 df) or with normal B27 positive controls (p < 0.01; x2 = 1X22, 2 df).
An increased prevalence of the BB genotype and decreased frequency of the A allele was evident also in patients who had had AAU or peripheral arthritis, or both, compared with either AS patients with axial disease alone, or B27 controls. Among the AS patients with AAU, 71 3% were homozygous for the B allele, compared with 45-2% of B27 positive controls (OR = 3-0; p = 0-004) (table) and 46-25% of AS patients with axial disease alone (OR = 2-9; 95% CI = 1-5 to 5-4; p = 0-001). Thirty five of the 87 patients with AAU also had peripheral arthritis (40.2%); the prevalence of the BB genotype was 69-2% in the 52 patients with AAU alone (p = 0-02 v B27 controls).
Analysis of AS patients who had developed peripheral arthritis showed that 68-3% were homozygous for the B allele compared with 45-2% of B27 positive controls (OR = 2-6; p = 0 02) ( Although genomic DNA was not available from B27 positive Taiwanese normal individuals, a within group comparison of the 49 Taiwanese AS patients revealed a similar pattern of genotypic distribution, namely, an increased prevalence of the BB genotype in AS individuals with extraspinal disease (59 5%) compared with AS individuals who had axial involvement alone (41 7%). However, the differences between these small subgroups of patients were not statistically significant (p > 005).
Discussion
Our data support an association between polymorphism in the LMP2 gene and the development of extraspinal disease in HLA-B27 positive AS patients from two ethnically diverse populations. This work not only confirms and extends our previous preliminary observation documenting an association between polymorphism in the LMP2 gene and development of AAU in patients with AS,7 but also suggests that the association extends to those individuals who develop peripheral arthritis.
It is not clear from our data whether the primary LMP2 gene association centres on susceptibility to AAU, peripheral arthritis, or both complications, as more than 50% (35/60) of our patients who developed peripheral arthritis had also experienced at least one episode of AAU. This accounts for the finding that the subgroup of AS patients without AAU or that subgroup without peripheral arthritis did not differ significantly from B27 controls or AS patients with axial disease alone. Furthermore, the rather small number of AS patients who had developed peripheral arthritis as the sole extraspinal manifestation (25 patients) precludes valid conclusions as to the primary association.
The involvement of an additional HLAlinked gene in the pathogenesis of AS is consistent with the findings from a family study in which it was shown that peripheral and axial disease segregated according to the different B27 haplotypes in two families with separate B27 haplotypes.'0 A previous population analysis has shown an association between HLA-DR7 and the development of peripheral arthritis in patients with AS,"' raising the possibility that the association with LMP2 gene polymorphism may reflect linkage disequilibrium with flanking HLA genes. HLA-DR class II DNA typing using PCR and sequence specific primers of an unrelated, random, white population has not revealed evidence of significant linkage disequilibrium between the LMP2 gene AFLP and HLA-DR7 in our laboratory (unpublished observations), suggesting that our observation does not reflect a primary association with HLA-DR7.
A different analysis showed no association between LMP2 CfoI AFLP genotypes and a history of AAU in AS.'2 Possible considerations accounting for the discrepancy with our findings include ascertainment differences and primary association with other clinical parameters such as disease severity.
Our finding of an increased prevalence of homozygosity for the allele associated with extraspinal disease also supports the involvement of the non-B27 haplotype in the development of extraspinal disease in patients with AS. Although a population based study has implicated HLA-Bw6O as an additional risk factor in predisposition to AS,'3 LMP2 genotypic distribution in 11 HLA-Bw6O positive individuals with AS in our study group was similar to that observed in remaining B27 positive AS individuals with AS (unpublished data). However, our data do not preclude the potential involvement of additional HLA and non-HLA linked genes predisposing to both AS and extraspinal disease.
The apparent requirement for homozygosity for allele B may reflect a dosage effect for generating a cryptic B27 binding uveitic self peptide which does not elicit an autoreactive T cell response under normal circumstances, but may do so when induced by a cross reactive exogenous antigen. Allele A may generate a higher avidity competitor peptide which induces tolerance in autoreactive T cells. Previous work has shown that T cells which escape tolerance induction are specific for cryptic determinants on an antigen. '4 A recent report described reduced MHC class I cell surface expression and inefficient presentation of the endogenous antigen HY in mice with a targeted deletion of the gene encoding LMP7.'5 Preliminary data from our laboratory suggest no association between polymorphism in the LMP7 gene and disease in HLA-B27 positive individuals (unpublished data).
In conclusion, our population analysis of B27 positive individuals with AS from two different ethnic populations supports the hypothesis that inherited differences in antigen processing influence the pathogenesis of disease.
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